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硫化氢（hydrogen sulfide, H2S）是继一氧化氮（nitric oxide, NO）、一氧化碳





（Oryza sativa）为材料，研究了 H2S 对铜胁迫的影响。结果显示低浓度的 H2S(供
体为 NaHS)能在一定程度上缓解水稻幼苗铜胁迫。主要结果如下： 
水稻幼苗生长到第 7 天开始处理，共四个处理组，（1）CK 组，对照，只用
营养液处理；（2）S 组，单独用含 100 μM NaHS 的营养液处理 24 h；（3）Cu 组，
单独用含 60 μM CuCl2 的营养液处理 48h；（4）S+Cu 组，先用 100 μM NaHS 预
处理 24 h，再用 60 μM CuCl2 处理 48 h。 
经过生长分析、氧化损伤测定、酶活测定、实时荧光定量 PCR 和蛋白质印





金属硫蛋白（metallothioneins, MTs）编码基因 OsMT1a 和 OsMT2a 的表达，增加
MT1a 和 MT2a 的含量，增强水稻对铜胁迫的抵抗力。 























Hydrogen sulfide (H2S) was found to be a promising gaseous transmitter in 
organism after nitric oxide (NO) and carbon monoxide (CO). In animals, plants and 
microbe, low concentration of H2S is involved in many physiological processes and 
regulates the growth and development of organisms. Furthermore, H2S was proven to 
play a vital role on plant growth and development as well as the tolerance to a variety 
of stress including salt, drought, heavy metal, cold and heat. 
Copper (Cu) contamination is one of the most serious environmental problems. 
Excess Cu cause oxidative damage and metabolic disorder in rice seedlings and lead 
to a cessation of its growth and development. Here, we the study the effects of H2S 
(NaHS as donor) on rice seedlings under Cu stress. We found that low concentration 
of H2S could alleviate Cu toxicity in rice seedlings to some extent. The main results 
are as follows: 
Seven-day old seedlings of rice were used in this study. All seedlings were 
divided into four groups, (1) CK, control, no treatment; (2) S, treated with 100 μM 
NaHS for 24 h; (3) Cu, treated with 60 μM CuCl2 for 48 h. (4) S + Cu, pretreated with 
NaHS for 24 h and then exposed to CuCl2 for 48 h.  
Rice growth, oxidative damage, antioxidative enzyme activities as well as its 
gene expression and metallothionein (MTs) expression were analyzed by biochemical 
methods, western bloting and qRT-PCR techniques. It turns out that exogenous NaHS 
decreased the content of hydrogen peroxide (H2O2) and malonaldehyde (MDA), 
increased the content of glutathione (GSH), non-protein thiols (NPT), metallothionein 
(MTs) and endogenous H2S as well，while no effect of NaHS on Cu uptake was 
observed in rice seedlings. Application of exogenous H2S also improved the activities 
of L-cysteine desulfhydrase (LCD) and antioxidant enzymes such as peroxidase (POD) 
and superoxide dismutase (SOD), upregulated antioxidant related genes (OsPOX1, 















protein. Finally, more MTs can bind more Cu ions within cell and reduce its toxicity.  
Based on these results, we propose that H2S induces rice tolerance to Cu toxicity 
through enhancing antioxidant enzyme and inducing metallothioneins accumulation. 
 


















缩写 英文全称 中文全称 
ABA Abscisic acid 脱落酸 
ACC 1-aminocyclopropane-1-carboxylic acid 1-氨基环丙烷-1-羧基酸 
AOS Allene oxide synthase 丙二烯合成酶 
APX Ascorbate peroxidase 抗坏血酸过氧化物酶 
ASA Ascorbate acid 抗坏血酸 
CAS Cyanoalanine synthase 氰丙氨酸合酶 
CAT Catalase 过氧化氢酶 
CBB Coomassie brilliant blue 考马斯亮蓝 
CBS Cystathionine-β-synthetase 胱硫醚-β-合成酶 
CE Carboxylation efficiency 羧化效率 
CCO Cytochrome oxidase 细胞色素氧化酶 
CO Carbon monoxide 一氧化碳 
CSE Cystathionine-γ-lyase 胱硫醚-γ-裂解酶 
Cys Cysteine 半胱氨酸 
DES Desulphydrase 脱巯基酶 
DCD D-cysteine desulphydrase D-半胱氨酸脱巯基酶 
DW Dry weight 干重 
FW Fresh weight 鲜重 
GSH Reduced glutathione 谷胱甘肽 
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